There has been considerable interest recently in the use of intermediate-energy semileptonic scattering to study the strange-quark content of the nucleon [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The elastic neutrino-nucleon and anti-neutrino nucleon cross sections are particularly sensitive to the nucleon's strange-quark axial vector form factor [1, 9, 10] . The parity-violating (PV) elastic electron-proton and electron-nucleus asymmetries, on the other hand, can be sensitive to the nucleon's strange-quark vector current matrix elements [2] [3] [4] [5] [6] [7] [8] [9] . The latter are parameterized by two form factors: the strangeness electric (G (s) E ) form factor, which must vanish at Q 2 = 0 since the nucleon has no net strangeness, and the strangeness magnetic (G (s)
M ) form factor. Accordingly the leading Q 2 -dependence of the former may be characterized by a mean-square "strangeness radius" [11] , which one may define as a dimensionless parameter ρ s [7, 9] :
where τ = |Q 2 |/4m
2 N (here, Q 2 = q 2 − ω 2 ≤ 0 is the square of the four-momentum transfer with q = | q| the three-momentum transfer and ω the energy transfer). Similarly, one defines a strange magnetic moment as µ s = G (s)
M (0). Ideally, one would attempt to determine ρ s and µ s with a series of PV electron scattering experiments using a proton target. As discussed elsewhere, however, such a strategy would not necessarily permit a separation of these two parameters at the level of precision needed to distinguish among theoretical models [7] [8] [9] [11] [12] [13] [14] [15] [16] . In principle, augmenting a PV ep scattering program with measurements of the PV asymmetry for scattering from a nucleus could permit a more precise determination of ρ s and µ s [7] [8] [9] . To that end, the (J π , T ) = (0 + , 0) nuclei represent an attractive case. The PV asymmetry for elastic scattering from such targets depends on the ratio of isoscalar weak neutral current (NC) and isoscalar electromagnetic (EM) Coulomb matrix elements. To a large extent, the dependence of these matrix elements on details of the nuclear wave function cancels out from their ratio, making the asymmetry primarily sensitive to electroweak couplings and single-nucleon electric form factors. For purposes of extracting information on the nucleon's strangeness radius, one would like to estimate the scale of nuclear corrections to the (0 + , 0) asymmetry. In this note, we investigate one class of nuclear corrections -meson-exchange currents (MEC) -to the strangeness radius of 4 He, a nucleus which will be used as a target in up-coming CEBAF experiments [17] [18] [19] . We find that, in the one-boson-exchange approximation, these corrections are sufficiently small so as not to introduce serious uncertainty in a determination of ρ s from the 4 He asymmetry. MEC contributions to the non-leading Q 2 -behavior of the 4 He strangeness form factor will be discussed in a forthcoming publication [20] .
The PV asymmetry for scattering from a (0 + , 0) nucleus is given by [7] [8] [9] 
where G µ is the Fermi constant measured in muon decay, α the EM fine structure constant, and ξ 
independent of the details of the nuclear wave functions. At low momentum transfers, one has G
, so that the scale of the second term in Eq. (2) is essentially determined by the nucleon's strangeness radius.
Meson-exchange current corrections to this result are generated by processes illus- ∼ q 4 , respectively, where F 1 is the Dirac form factor of the nucleon. Hence, the longest-range MEC's -those resulting from single π-exchange -will not contribute to the nuclear strangeness radius. In the case of the ρ-and ω-meson exchanges, the corresponding two-body isoscalar Coulomb operators are also of O(q 2 ) times a linear combination of the electric and magnetic nucleon form factors. Thus, when analyzing the leading |Q 2 |-dependence of the ratio in Eq. (3), we may neglect these contributions to the EM matrix element appearing in the denominator, since they will only contribute to that ratio in O(q 4 ). In contrast, the nuclear strangeness radius (the numerator of Eq. (3)) receives a contribution from these currents, since G (s)
M does not necessarily vanish at the photon point. The resultant two-body operator has the form
where V = ρ or ω; g V ≡ g V N N gives the vector meson-nucleon coupling; r is the relative separation of the two nucleons; the sum is performed over all distinct pairs of nucleons
In writing Eq. (4) we have neglected terms (+ · · ·) which give non-vanishing matrix elements only if the nucleon pair carries orbital angular momentum L > 0 either internally or with respect to the nuclear center of mass. For the case of 4 He, these terms only contribute to the Coulomb matrix elements via configuration mixing (e.g., D-state admixtures into the ground state), and therefore may be neglected for the present purposes of setting a scale.
Isobar currents of the type shown in Fig. 2a contribute to the nuclear strangeness radius only when the intermediate nucleon resonance carries the same isospin as the nucleon, since the strange-quark vector current is a (strong) isospin singlet operator. The lightest T = 1/2 resonance is the N (1440). Although we have not computed the contribution of the corresponding isobar current explicitly, we neglect it on the assumption that it is suppressed by the large mass splitting between this resonance and the nucleon.
A third class of MEC contributions -the so-called "transition currents" illustrated in The lightest such pair is the ρ and π, whose strange vector current matrix element may be written as
where ε β is the ρ-meson polarization and (a, b) are isospin indices. Note that there is no analogous ω − π matrix element since the strange vector current is isoscalar. In contrast to the situation with diagonalsγ µ s currents, no conservation principle requires the form factor
ρπ (Q 2 ) to vanish at the photon point. Consequently, the nuclear Coulomb matrix element of the transition charge operator derived from diagram 2b can, in principle, contribute to the nuclear strangeness radius. Unlike the ρ-meson pair-current contribution embodied in Eq. (4), the ρ − π transition contribution bears no connection with the nuclear potential used in computing nuclear wave functions. It thus generates an unambiguous many-body correction to the one-body form of the PV asymmetry. The corresponding two-body Coulomb operator is, to leading order in q 2 ,
where terms with vanishing matrix elements in a ground state of pure S-waves have been omitted. In obtaining the two-body operators in Eqs. (4) and (7), we did not include form factors and the hadronic vertices. For purposes of obtaining an upper bound on the scale of MEC corrections, however, the use of point meson-nucleon couplings should be sufficient.
For comparison, the one-body strangeness Coulomb operator has the low-q 2 form
To set the scale of the different one-and two-body contributions to the strangeness radius of 4 He, we computed matrix elements of the operators in Eqs. (4, 7, 8 ) using a simple 4 He ground state wave function consisting of a Slater determinant of harmonic oscillator single-particle S-state wave functions. Since the one-body operator in Eq. (8) does not probe the nuclear wave function but simply counts the number of nucleons, its matrix element is not dependent on our choice of wave function. The two-body matrix elements, in contrast, are more sensitive to the choice of wave function. A particularly important consideration in this respect is the role played by short-range nucleon-nucleon anti-correlations, since all of the MEC's treated here involve at least one heavy vector meson propagator. The pieces of the resultant two-body operators associated with the heavy meson will have an effective range ∼ 1/m V < ∼ 0.25 fm for m V > ∼ m ρ . Consequently, their matrix elements will carry a non-negligible sensitivity to the short-distance part of the nuclear wave function. In principle, one could account for this sensitivity by using Monte Carlo methods and variational ground state wave functions to evaluate the two-body matrix elements [21] . For purposes of setting the scale of the MEC contribution, however, it is sufficient to use the simpler harmonic oscillator wave function and to account for short-range anti-correlations by including a phenomenological correlation function, g(r), in the integral over relative co-ordinate, r. Following Ref. [22] , we take this function to have the form
where C is a constant adjusted to maintain the wave function normalization and the parameter d = 0.84 fm is obtained by fitting the nuclear matter correlation function of Ref. [23] . With this choice for g(r), the two-body matrix elements can be evaluated analytically, thereby making transparent the physical parameters which govern the scale of these matrix elements.
Looking first at the limit of un-correlated wave functions (g(r) ≡ 1), we obtain for the sum of one-and two-body contributions to the strange-quark Coulomb matrix element
where
and where b is the oscillator parameter, N V,2 are spin-isospin matrix elements, and g V is the vector meson-nucleon coupling. From a fit to the 4 He charge form factor, one obtains a value for the oscillator parameter of b = 1.2 fm [9] . In this case, one has m ρ b >> 1 and
Numerically, the one-body matrix element gives λ 1 ≈ 1.13, while use of the un-correlated wave function gives λ From these results we conclude that the one-boson-exchange MEC's should not seriously impact the extraction of ρ s from the helium asymmetry, unless µ s and g (s)
ρπ are an order of magnitude larger in scale than ρ s . The latter possibility seems unlikely, since a variety of calculations give |µ s | < ∼ |ρ s | [11] [12] [13] [14] [15] [16] . Similarly, an estimate of g (s)
ρπ using a φ-dominance model and the measured width for φ → ρπ gives |g (s) ρπ | ≈ 0.26 [24] , which is of the same magnitude or smaller than most estimates for the magnitude of ρ s . Fig. 1 . "Pair-current" (a,b) and "meson-in-flight" (c) meson-exchange current (MEC) processes contributing to nuclear matrix elements of the electromagnetic (EM) and vector strange-quark currents. Here, N and N ′ denote two nucleons, M a meson, and the crossed circle either the EM or vector strange-quark current operators. The process of Fig. 1c does not contribute to the nuclear strangeness radius or isoscalar EM charge form factor. 
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